We have isolated a cDNA clone (SE5A) that encodes a protein on lampbrush chromosome loops of the newt Notophthalmus. In vitro-synthesized transcripts of this clone were injected into Xenopus oocytes, where they were efficiently translated. Most of the translated protein was imported into the oocyte nucleus, and some of it appeared on the chromosome loops. The translation product must contain information that permits its appropriate targeting first to the nucleus and then to the chromosome loops.
In oocytes of frogs and salamanders, RNA synthesis takes place on the lateral loops of the lampbrush chromosomes. The nascent RNA transcripts on these loops are associated with proteins, as first demonstrated by conventional cytochemical tests (reviewed in ref. 1 ) and later by immunofluorescent staining with polyclonal antibodies and monoclonal antibodies (mAbs) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Most lampbrush chromosome loops share a common set of epitopes and are stained by antibodies against small nuclear (sn) ribonucleoproteins (RNPs) and heterogeneous nuclear RNPs. Like other nuclear proteins, the loop proteins must travel from their sites of synthesis in the cytoplasm through the nuclear envelope into the nucleus; they must then reach the loops, where they associate with the nascent transcripts.
Targeting of proteins to the nucleus has been extensively studied, both in oocytes and in somatic cells. The earliest experiments showed that many germinal vesicle (GV) proteins localize rapidly in the oocyte nucleus after they are injected into the cytoplasm (11, 12) . Specific nuclear targeting sequences were later identified in the primary amino acid sequence of nucleoplasmin, the most abundant protein of the oocyte nucleus (13) (14) (15) (16) . A very similar nuclear targeting sequence occurs in the simian virus 40 large tumor antigen (17, 18) . The entry of snRNPs into the oocyte nucleus is rather different (19) (20) (21) . In this case, there is a pool of cytoplasmic snRNPs. When U1 or U2 snRNAs are injected into the oocyte cytoplasm, they associate with these proteins and the complex enters the nucleus. But very little is known about the transport of other chromosomal proteins, and it is not known to what extent the various splicing and packaging components assemble into larger particles before they reach the nascent transcripts. Lampbrush chromosomes, because of their large size and the ease with which the transcription units can be viewed by conventional light optics, afford a unique opportunity to study this traffic. We have isolated a cDNA clone (SE5A) encoding a lampbrush loop protein from the newt Notophthalmus viridescens. We can detect this protein with a species-specific mAb. We have injected in vitro-synthesized transcripts of SE5A into Xenopus oocytes, where they are efficiently translated. Most of the resulting protein is imported into the GV, and some of it associates with the loops of the lampbrush chromosomes.
EXPERIMENTAL PROCEDURES Clone SE5A. We previously described the isolation of mAb SE5, which recognizes a protein found on most lampbrush chromosome loops of the newt N. viridescens (10) . We used this antibody to isolate three clones from an expression library of newt ovary cDNA cloned in the vector A ZAP (22) . One of these clones (SE5A) was converted to the corresponding pBluescript phagemid and was completely sequenced by the dideoxy chain-termination method (23) .
In Vitro Transcription. pBluescript clone SE5A was linearized by digestion with the restriction endonuclease HindIII, which cuts just downstream of the insert (Fig. 1) . Just upstream of the insert is a promoter for phage T3 polymerase.
In vitro sense transcripts were synthesized from this promoter by using T3 polymerase (Stratagene) in the presence of 1 mM 7-methylguanosine to cap some of the transcripts and a trace amount of [a-32P]UTP to permit sizing of the product. The transcripts had a length of about 2 kilobases, the size of the newt cDNA insert. After phenol extraction and ethanol precipitation, the RNA was suspended in H20.
Oocyte Injections. Xenopus laevis oocytes with a diameter of 1.0 mm were removed from the ovary by manual dissection and kept in OR2 medium (24) at 18-20°C. Lampbrush chromosomes are well displayed in oocytes of this size, whereas larger oocytes have contracted chromosomes with short lampbrush loops (25) . In some cases, follicle cells were removed by digestion with collagenase (1 mg/ml) in Ca2-free OR2 medium. Injections of RNA were made into the oocyte cytoplasm, as originally described by Gurdon et al. (26) . Each oocyte received roughly 20-30 nl of H20 containing SE5A transcripts at a concentration of 1 mg/ml (about 20-30 ng per oocyte). After injection, oocytes were held in OR2 medium for 24 hr.
Analysis of Translation Products. Some oocytes were quick frozen by immersion in isopentane at -160°C, transferred immediately to ethanol at -70°C, and held for 2-3 days at that temperature. They were then warmed to room temperature, rinsed in tert-butyl alcohol, embedded in paraffin, and sectioned at 4 Am. Xenopus lampbrush chromosome spreads were made according to Callan et al. (25) . Sections and chromosome spreads were stained with mAb SE5 followed by rhodamine-labeled goat anti-mouse IgG. For immunoblots, GVs were isolated manually in a medium containing 67 mM KCl, 13 mM NaCl, 10 mM MgC12, 10 mM Mops, 1 mM EDTA, 1 mM dithiothreitol, and 200 uM phenylmethylsulfonyl fluoride at pH 7.2. Yolk was removed by sucking the Proc. Natl. Acad. Sci. USA 86 (1989) GVs in and out of a narrow-mouthed pipette. Twenty to 50 GVs were collected in about 20 ul of ice-cold saline. For electrophoresis an equal volume of 2x sample buffer [4% (wt/vol) SDS/10% (vol/vol) 2-mercaptoethanol/20% (vol/ vol) glycerol/0. 125 M Tris HCI, pH 6.8 with bromphenol blue and xylene cyanole FF as markers] was added. Oocyte cytoplasmic proteins were prepared by homogenizing enucleated oocytes in the same buffer used for GV isolation, centrifuging to remove yolk, and adding 2 x sample buffer to the soluble proteins. After electrophoresis on an acrylamide gel, the proteins were transferred to nitrocellulose or Immobilon-P membranes (Millipore) by electrophoresis. SE5A translation products were detected by treatment with mAb SE5 followed by peroxidase visualization with the Vectastain ABC kit (Vector Laboratories). This kit uses biotinylated anti-mouse IgG (made in horse) followed by a complex of avidin and biotinylated horseradish peroxidase H. Color is developed by bathing the filter in 4-chloro-1-naphthol and hydrogen peroxide.
RESULTS
Clone SE5A. This clone ( Fig. 1 (Fig. 2) . This repeated region is probably not a cloning artifact, since three independent clones encode the same amino acids but have slightly different nucleotide sequences. A computer search failed to turn up any striking sequence homology with other proteins; however, the overall amino acid composition is quite similar to that of the 70-kDa protein associated with U1 snRNA (27 subsequent experiments, we injected through the follicle layers. We saw no essential difference between the two treatments.
GV and cytoplasmic proteins were prepared separately from the injected oocytes. Manually isolated GVs were simply dissolved in sample buffer, but, for the cytoplasmic fraction, yolk was first pelleted by gentle centrifugation, and the supernatant was taken for analysis. After electrophoresis on 12.5% acrylamide gels, the separated proteins were transferred to nitrocellulose or Immobilon-P membranes by electrophoresis. The translation products of SE5A were detected with mAb SE5, which does not cross-react with any Xenopus GV protein.
As shown in Fig. 3 , SESA transcripts were efficiently translated in Xenopus oocytes, and most of the peptide products accumulated in the nucleus by the end of 24 hr. Immunofluorescence. We also followed the accumulation of SESA translation products by immunofluorescence microscopy. Oocytes were fixed by freeze-substitution in ethanol, embedded in paraffin, and sectioned at 4 ,um. They were then reacted with mAb SE5 followed by rhodamine-labeled goat anti-mouse IgG. Immunofluorescence was intense over the GV except for the multiple nucleoli (Fig. 4 A and B 1-3) . Comparison of whole and enucleated oocytes (lanes 4 and 5) shows that most of the antigen is in the GV. As (Fig. 4 C and D) . Most of the loops on Xenopus lampbrush chromosomes are short and, therefore, lie along the chromosome axis in fixed and centrifuged preparations such as we used here. We presume that most or all of the antibody staining was in loops; where individual loops extended away from the chromosome axis, they were clearly stained. Although the chromosomes were the brightest structures in the spread preparations, the multiple nucleoli were also faintly stained. mAb SE5 does not stain lampbrush chromosomes or nucleoli in control preparations ofXenopus GVs (data not shown). To assess to what extent the chromosome staining might be due to nonspecific adsorption of SE5A peptides from the nucleoplasm, we placed experimental and control GVs into the same observation chamber and allowed them to spread together. In four such cases we could easily distinguish a labeled from an unlabeled set of lampbrush chromosomes (data not shown). At least under these somewhat artificial conditions, therefore, lampbrush chromosomes do not immediately bind the SE5A translation product.
DISCUSSION
In vitro-synthesized transcripts of clone SE5A are efficiently translated when injected into Xenopus oocytes; the translation products are detectable with mAb SE5, which does not react with proteins from control Xenopus oocytes. There are two translation products, a major species with a molecular mass of about 66 kDa and a less abundant one with a molecular mass of about 68 kDa (Fig. 3) . These are smaller than the 90-kDa protein recognized in the GV of the newt Notophthalmus, the organism from which the clone was derived. The cDNA clone is about 700 base pairs shorter than the full-length mRNA detected on Northern blots, and we know from sequencing that its open reading frame encodes only 68.4 kDa of protein. We presume, therefore, that translation began at an internal AUG codon near the 5' end of the transcript. This region codes for a striking 11-to 12-amino acid repeat (Fig. 2) with possible methionine start sites.
The translation products localize within the Xenopus oocyte in a pattern essentially like that of the endogenous SE5 protein of the newt. After 24 hr most of the protein has migrated into the GV. As seen in sections, it is present throughout the nucleus with the exception of the nucleoli; spreads of lampbrush chromosomes show a high concentration on the lateral loops. These results provide strong evidence that our cDNA clone contains part of the gene that encodes the 90-kDa loop protein of the newt. In addition they suggest that the amino-terminal 20 kDa of the protein is not necessary for nuclear or chromosomal targeting.
Movement of translation products from their site of synthesis in the cytoplasm into the nucleus and eventually to the lateral loops of the chromosomes presumably involves interCell Biology: Roth and Gall Proc. Natl. Acad. Sci. USA 86 (1989) action with other cellular components. Several nuclear proteins have been shown to contain a nuclear targeting sequence necessary for transport across the nuclear envelope. For this reason, we examined the sequence of SESA for a putative nuclear localization signal, using the known signals in the simian virus 40 large tumor antigen and nucleoplasmin as a guide (14) (15) (16) (17) (18) . We found sequences with very weak homology to these localization signals, but it will be necessary to carry out deletion and mutagenesis experiments to establish which sequences in SESA are, in fact, required for nuclear localization.
Inside the nucleus, a small fraction of the SESA translation product becomes associated with the Xenopus lampbrush loops. We know nothing about the factors involved in this process; specifically, we do not know whether a common amino acid sequence is needed for targeting proteins to the chromosomes. In the case of nuclear targeting, a common signal may be necessary because all nuclear proteins must pass through the nuclear pores. On the other hand, one can imagine that different loop proteins reach their final destination on the chromosomes by a variety of interactions with RNA or with other proteins and need not share common targeting signals.
There remains the question of why most of the SE5 protein, in both injected Xenopus oocytes and in normal newt oocytes, appears to be "free" in the nuclear sap (that is, not associated with the chromosomes). In the case of the injected oocytes, one could argue that the system is overwhelmed by excessive synthesis during a short time span. But such an explanation does not hold for normal newt oocytes, which accumulate SE5 protein throughout several months of oogenesis. One possibility is that under normal circumstances all SE5 protein goes initially to the chromosomes, is organized into heterogeneous nuclear RNP, and is subsequently stored in this form in the nuclear sap. Alternatively, only a fraction of the SE5 protein in the nuclear sap may reach the oocyte chromosomes; the rest may be stockpiled for later use during embryogenesis.
We believe that additional injection experiments, especially with newt oocytes and homologous transcripts, will help define the movements of the SE5 protein within the nucleus. Such experiments may reveal the sites where chromosomal proteins are assembled into more complex particulates, and they could establish whether signals in the primary sequence of the proteins are necessary for chromosomal targeting.
